abstract OBJECTIVE: To assess the health literacy of US parents and explore the role of health literacy in mediating child health disparities.
Increased national attention has been focused on the issue of health literacy, because a growing body of evidence has linked limited literacy skills to poorer health knowledge, worse health behaviors, and increased health care costs. [1] [2] [3] [4] With an estimated $106 to $238 billion dollars in annual health care costs attributable to limited health literacy, 5 organizations including the Agency for Healthcare Research and Quality, the Institute of Medicine, the Joint Commission, the American Medical Association, and the American Academy of Pediatrics have begun to prioritize health literacy as a key quality and patient-safety issue. 1, 2, 4, 6, 7 More than 90 million US adults have limited health literacy. Health literacy is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions." 8 Known risk factors for low health literacy include low socioeconomic status, limited English-language proficiency, and racial/ethnic minority-group identification. 9 A number of recent studies have suggested that health literacy may be an important contributor to existing health disparities. [10] [11] [12] In 2003, the National Center for Education Statistics (NCES) included a specific component to measure health literacy within the National Assessment of Adult Literacy (NAAL), 9 which led to the first large-scale national assessment of health literacy. 13 In our study we evaluated parent data in the 2003 NAAL to assess overall parent healthliteracy level, parent ability to perform specific child health-related tasks within the health literacy assessment, and the relationship between parent health literacy and self-reported difficulty with child health-related tasks. We also examined the role of parent health literacy as a mediator for education, racial/ethnic, immigrant-status, linguistic, and income-related disparities. For parents, health literacy skills are needed for the performance of everyday tasks required for taking care of their families, including the ability to obtain health insurance, interpret the label of an over-the-counter (OTC) medication, and decode a nutrition label to make informed decisions about food. To our knowledge, no previous study has assessed the health literacy of US parents at a national level.
METHODS

Participants
The 6100 parents with children in the household were among the Ͼ18 000 adults who comprised the household sample of the 2003 NAAL (unweighted numbers rounded to the nearest hundred as requested by the NCES). These adults were selected to be nationally representative of US adults aged 16 and older. Details of sample selection, response rate, and interview procedures have been published elsewhere. 9, 13, 14 
Measures
Parent health literacy, self-report of child health-related issues (child health insurance, difficulty understanding OTCmedication labels, food-label use), and sociodemographic information were obtained.
Determination of Parent Status
A subject was determined to be a parent if he or she was related to a child living in the household (Ͻ18 years of age) as a parent, guardian, or step-parent.
Health Literacy-Assessment Tasks
The NAAL literacy assessment included 152 items, 28 of which were part of the health literacy assessment. These health literacy tasks were included in a separate health literacy scale, as previously described. 9 As with the literacy score, 14 health literacy scores were categorized into 4 levels of performance: below basic, basic, intermediate, and proficient.
Each health literacy task was classified as 1 of 3 types: (1) prose (eg, identifying what one can drink on the morning of a radiograph by reading a passage); (2) document (eg, entering name and birth date on a health insurance application); or (3) quantitative (eg, calculating annual cost of an insurance policy). The health literacy assessment included 12 prose, 12 document, and 4 quantitative items. 9, 13 Thirteen of the 28 individual health literacy tasks were specifically selected for additional analysis in this study. Two of the 13 tasks specifically related to children (immunization-related). An additional 11 health literacy tasks were included in this study because they relate to skills that could be applied to, or could affect, the care provided by parents to their children.
For these analyses, subjects were categorized as being correct or incorrect. Those who were incorrect or partially correct, or who omitted the question, were considered to be incorrect. Those subjects categorized as not having reached the assessment question were excluded from analyses for that question.
Parent Report of Child Health-Related Issues
As part of the NAAL, parents were asked to report on 3 issues with implications for child health: child health insurance, difficulty understanding OTCmedication labels, and use of nutrition labels in making food choices for their families.
Child Health Insurance
Child health insurance status was assessed with the question: "Do the children living in this household have any type of medical insurance or health care coverage?" Responses were categorized as "yes," "no," and "at least one child (but not all the children) has medical insurance." Responses were dichotomized in these analyses, with caregivers who answered no or that at least 1 child in the household did not have health insurance compared with caregivers who responded that all their children had health insurance.
Difficulty Understanding OTC-Medication Labels
Subjects were asked: "How difficult is it for you to understand the dosage information on over-the-counter medicines?" Answer choices were "never tried," "great deal of difficulty," "moderate difficulty," "some difficulty," and "no difficulty." Those who indicated that they had never tried were excluded from the analyses. Responses were dichotomized in these analyses, with caregivers who answered that they had any difficulty compared with caregivers who responded that they had no difficulty. Difficulty understanding OTC-medication labels was only assessed in the NAAL for those who learned at least 1 language other than English before starting school and stated that they did not read English "very well."
Food-Label Use
Food-label use was assessed with the question: "How often do you read the nutritional information on food labels written in English?" Responses were "never," "sometimes," "most of the time," or "every time when I buy a food I never bought before." Responses were dichotomized in analyses, with caregivers who answered that they never read the food label compared with caregivers who responded that they had previously made use of a food label.
Sociodemographic Information
Demographic information obtained on parents included age, gender, educational attainment, race/ethnicity, country of birth (immigrant status), English proficiency, and income.
Statistical Analyses
Analyses were performed to evaluate parent health literacy levels and parent ability to perform specific health literacy-assessment tasks, as well as the relationship between parent healthliteracy and child health-related issues. Analyses were conducted by using AM 0.06.00 15 software and the survey package 16 in R 2.71. 17 Both simple and adjusted analyses were performed.
The NAAL uses a balanced incomplete block spiraling design. Each subject was administered ϳ25% of the assessment tasks in an effort to reduce participant survey burden while at the same time allowing for aggregate estimates of overall performance. 13 We therefore used AM software, which is capable of handling data from largescale assessments that use complex sampling designs, as recommended by the NCES. 13 For analyses examining demographic information, parents' abilities to perform specific health literacyassessments tasks, and parents' selfreported responses to the 3 child health-related questions of interest, we used AM software. We used AM software to fit the plausible-value-generation model and to draw plausible values for each individual in the sample. The measurement component of the model was defined by an item-response-theory model called the generalized partialcredit model 19 ; the parameters of this measurement model were provided by the NCES. The parameters of the conditioning model were then estimated by marginal maximum likelihood. Given the parameters of the measurement and conditioning models, we sampled 10 plausible values for each individual in the sample.
Because the plausible values were sampled randomly, the final results are also random; that is, a different sample of 10 plausible values for each individual will produce slightly different results. The Monte Carlo error of the results describes the amount of variation that can be expected between different samples of plausible values; large Monte Carlo errors are problematic. Five plausible values are usually considered to be sufficient, but to further reduce Monte Carlo error, we doubled the number of plausible values.
Plausible values were then transformed by a 4-segment linear transformation (1 segment for each health literacy level) to match the appropriate percentiles of the plausiblevalue distribution to the 3 cut scores of the health literacy categories (below basic, basic, intermediate, proficient). A multisegment linear transformation was required to match the proportions of individuals in each health literacy category, as reported by the NCES. 9 We chose to match the percentiles of the plausible values to the cut scores rather than mean and SD, because our analyses were focused on categorical health literacy level rather than continuous health literacy score.
Associations between overall health literacy categories and dependent variables of interest were performed by using the 10 plausible values. Because health literacy is measured imperfectly with a balanced incompleteblock-item spiraling design, the statistical methods must account for the measurement error associated with the imperfect measurement. Use of the multiple plausible values accounts for this measurement error. Thus, statistical analyses were performed 10 times, once for each plausible value, and the results were averaged across the 10 analyses to produce final point estimates. Standard errors of the estimates are composed of 2 parts: the error caused by sampling and the error caused by the latency of the health literacy level. The latter can be thought of as the variability of the estimates across the 10 analyses; the former was approximated in the R survey package 16 by using the jackknife replicate weights provided by the NCES.
Two types of statistical analyses were performed. First, 2-way contingencytable analyses were conducted with health literacy categories as 1 of the margins. Tests of independence were performed by using Rao and Scott's corrected 2 statistics for complex samples. 20 Second, logistic regression analyses were performed to describe the factors associated with low health literacy (below basic/basic) and to use an individual's health literacy category as an explanatory variable for other factors. Hypothesis tests for the logistic regression analyses used Wald's 2 test. 21 For each regression analysis, we report the results of an overall test of fit, which tests whether there is sufficient statistical evidence to conclude that at least 1 adjusted odds ratio (aOR) is different from 0. For each factor (eg, age, race/ethnicity), we report a P value for a test of significance of whether at least 1 category within that factor is different from 0. We also report an aOR for each category compared with the reference group, as well as the 95% confidence interval (CI) for each aOR, to assess its difference from 1 at a significance level of .05.
RESULTS
Parent and nonparent characteristics are described in 
Predictors of Parent Health Literacy: Multivariate Analyses
In multivariate analyses that included only parents (Table 2) , the strongest predictors of basic/belowbasic health literacy level were education and English proficiency. Parents with less than a high school education had Ͼ8 times the odds of being categorized as having low health literacy. Parents who stated that they understood English "not well"/"not at all" had Ͼ18 times the odds of being categorized as having basic or below-basic health literacy. Black and Hispanic race/ethnicity, low income, and birth outside of the United States were also significantly associated with low health literacy.
Health Literacy-Assessment Tasks
Parent performance on the health literacy-assessment tasks is shown in Table 3 .
Health Insurance
Only 19.3% of the parents were able to correctly perform all 4 document tasks related to filling out a health insurance form. More than two thirds of the parents were unable to fill in names and birth dates on a health insurance form correctly. More than 60% of the parents were unable to calculate the annual price of a health insurance policy.
Medications
Forty-six percent of the parents were unable to correctly perform at least 1 of the 2 medication-related tasks.
Nutrition/Obesity
For the nutrition/obesity tasks, 42.7%, 42.7%, 11.6%, and 3.0% of the parents correctly performed 0, 1, 2, or 3 of the tasks, respectively. The document task that involved determining the healthy weight of a person of a specific height was difficult for Ͼ50% of the parents.
Other Health Literacy Tasks of Interest
Almost half (48.4%) of the parents were unable to perform at least 1 of the 2 immunization-related tasks. Overall, parents did well with the navigation question, with only 5.1% getting this task incorrect.
Parent Self-Report of Child Health-Related Issues
Child 
Difficulty Understanding OTC Medication Labels
Unadjusted Analyses
Overall, 59.2% of the parents reported difficulty with understanding OTCmedication labels (33.5% reported great or moderate difficulty, 25.7% reported some difficulty). Parents with belowbasic and basic health literacy were more likely to report difficulty (below ba- (Table 5 , model 2). Intermediate/proficient health literacy levels were categorized together, because only 1.4% of those eligible to answer this question were in the proficient category. In model 2, education, race/ ethnicity, and income were no longer statistically significantly related to difficulty understanding OTC medication labels after inclusion of health literacy. With health literacy in the model, the effect estimate of having a less-thanhigh-school education (compared with having at least some college) dimin- 
Food-Label Use
Unadjusted Analyses
Overall, 14.9% of the parents reported never using a food label. Parents with lower health literacy skills were more likely to report never using a food label (below basic: 28.3%; basic: 17.8%; intermediate: 12.9%) compared with parents with proficient health literacy skills (of whom 8.8% reported never using a food label) (P Ͻ .001). 
Multivariate Analyses: Food-Label Use and Health Literacy
In multivariate regression analyses, food-label use was not statistically significantly related to health literacy.
DISCUSSION
To our knowledge, this study is the first to examine health literacy among a representative population of parents in the United States, revealing that at least 1 in 4 parents, or Ͼ21 million US parents, have limited health literacy skills, and only 1 in 7 parents are categorized as having proficient health literacy. Low parent health literacy is an independent predictor of having an uninsured child in the household, as well as difficulty understanding OTCmedication labels, which further underscores the need to address the issue of parent health literacy at a national level.
Significant literacy demands are placed on parents within the current environment of consumer-driven health care in the United States. 22, 23 The finding that almost 70% of parents have difficulty filling out a health insurance form is consistent with a recent study that revealed that State Children's Health Insurance Program (SCHIP) enrollment forms are too complex for the majority of US adults. 24 Our study, showing that Ͼ60% of parents have difficulty performing the quantitative literacy task of calculating the price per year of a health insurance policy on the basis of family size, has further implications for informed decision-making and access to care.
Our results also have implications for pediatric outpatient medication errors and pediatric patient safety. The finding that parents have difficulty understanding medication labels is consistent with a number of recent studies that have documented that a large proportion of adults misinterpret prescription medication label instructions and associated warning labels and that those with low health literacy skills are disproportionately affected. [25] [26] [27] In addition to the suboptimal design of medication labeling, 28, 29 other written drug information given to patients and their families (such as consumer medication-information leaflets and US Food and Drug Administration medication guides) are written at, on average, a reading level (10th grade or higher) 30, 31 that is too high for the majority of US adults. Significant variability in the content and format of medication instructions also exists 28 because of minimal standards in the regulation of drug labeling and associated written materials in the United States. 25,31 Simplification and standardization of medication labels and associated written information is necessary for both OTC and prescription medications if improvements in patient and parent understanding of medication instructions is to be achieved. 29 Although use of food labels was associated with parent health literacy in unadjusted analyses, statistical significance was lost in adjusted analyses. This may be because general foodlabel use was assessed by self-report rather than use of specific food-label components or food-label comprehension. It is also possible that although health literacy is likely to play a role in the use of food labels, other factors, including education, country of origin, or other unmeasured factors related to culture, may play a primary role.
Our findings suggest that parent health literacy serves as a potential mediating factor in education and language proficiency-related disparities in child health insurance acquisition and may also mediate education, immigrant status, and income-related disparities in reported understanding of OTC-medication labels. These findings are consistent with a growing number of published studies that have suggested that health literacy may serve as an important factor in mediating health disparities. 11, 12, 32 Additional research is needed to fully examine how health literacy mediates health disparities and whether addressing health literacy issues is a strategy than can be effective in ameliorating existing health disparities.
It was interesting to find that parent health literacy was higher than the health literacy of nonparents, even after controlling for age, race, English proficiency, and other confounders. It is possible that most parents have experienced managing the health maintenance and health problems of their children, whereas a subset of nonparents may have little interaction with the health care system. The reason for this finding should be explored further in future studies.
This study has several limitations. Parents' ability to perform health-related tasks was assessed under testing conditions in English and may not reflect their true ability to perform these tasks in real life or if the assessment were administered in their language of preference. In addition, information on child health insurance, use of nutrition labels, and difficulty with understanding OTC-medication labels was assessed by self-report, and the assessment of understanding of OTCmedication labels was asked only of the subset of patients for whom English was not their first language and those who could not read English "very well." It is also unclear whether the health literacy assessment used as part of the NAAL fully measures the domains of health literacy. The NAAL measures health literacy as part of a written assessment, whereas oral comprehension, an important component of health literacy, was not assessed. The NAAL sampling strategies may have also limited power in some of the analyses.
CONCLUSIONS
This study demonstrates that a large proportion of parents in the United States have limited health literacy. Parent health literacy issues seem to be closely linked to children's health, and efforts should be made to reduce the literacy demands on parents as they seek to address the health needs of their children. Additional research is needed to determine how to best redesign written materials such as health insurance forms and medication labels, including examining the role of document and quantitative literacy skills. Additional research is also needed to explore the mechanisms through which health literacy may serve as a mediator for existing health disparities.
